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HOW CAN WE ENSURE THAT EVERYONE WHO NEEDS A TRANSPLANT CAN GET ONE ? 

     Increasing access to allo ge neic hema to poi etic 
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   Allogeneic hema to poi etic cell trans plan ta tion (allo - HCT) is a highly com plex, costly pro ce dure for patients with onco-
logic, hema to logic, genetic, and immu no logic dis eases. Demographics and socio eco nomic sta tus as well as donor avail-
abil ity and type of health care sys tem are impor tant fac tors that infl u ence access to and out comes fol low ing allo - HCT. 
The last decade has seen an increase in the num bers of allo - HCTs and teams all  over the world, with no signs of sat u ra-
tion. More than 80 000 pro ce dures are being performed annu ally, with 1 mil lion allo - HCTs esti mated to take place by the 
end of 2024. Many fac tors have con trib uted to this, includ ing increased num bers of eli gi ble patients (older adults with or 
with out comorbidities) and avail  able donors (unre lated and haploidentical), improved sup port ive care, and decreased 
early and late post - HCT mortalities. This increase is also directly linked to macro -  and micro eco nomic indi ca tors that affect 
health care both region ally and glob ally. Despite this global increase in the num ber of allo - HCTs and trans plant cen ters, 
there is an enor mous need for increased access to and improved out comes fol low ing allo - HCT in resource - constrained 
countries. The reduc tion of pov erty, global eco nomic changes, greater access to infor ma tion, exchange of tech nol o gies, 
and use of arti fi  cial intel li gence, mobile health, and telehealth are cer tainly cre at ing unprec e dented oppor tu ni ties to 
estab lish col lab o ra tions and share expe ri ences and thus increase patient access to allo - HCT. A spe cifi c research agenda 
to address issues of allo - HCT in resource - constrained set tings is urgently warranted.  

   LEARNING OBJECTIVES 
   •    Understand the panorama of allogeneic hematopoietic cell transplantation (allo - HCT) activity worldwide 
 •    Review factors affecting the access to allo - HCT across the globe
  •    Discuss possible strategies for expanding allo - HCT activity in resource - constrained areas  

  Introduction 
 Allogeneic hema to poi etic cell trans plan ta tion (allo - HCT) is a 
highly spe cial ized, tech no log i cally sophis ti cated, resource - 
intense, and expen sive pro ce dure for patients with oth-
er wise incur able hema to logic dis eases. Numerous fac tors 
infl u ence whether a patient eli gi ble for allo - HCT actu ally 
goes on to receive it: donor avail abil ity, social issues, eco-
nomic sta tus, and health care sys tem. 1  The degree to which 
these fac tors, par tic u larly socio eco nomic fac tors, might 
infl u ence access to allo - HCT is a ques tion of debate. 1  

 In recent decades a world wide increase in the use of 
allo - HCT has been seen due to (1) bet ter donor avail abil-
ity, (2) opti mi za tion of indi ca tions and rapid evo lu tion of 
molec u lar diag nos tic / prog nos tic tech niques, (3) use of 
novel reduced - inten sity con di tion ing reg i mens for older 
adult patients and / or patients with comorbidities, and 

(4) improve ments in early and late out comes due to bet ter 
sup port ive care. However, allo - HCT is still asso ci ated with 
sig nifi   cant mor bid ity and mor tal ity, requir ing advanced 
care consisting of sig nifi   cant infra struc ture and a net work 
of spe cial ists from all  fi elds of med i cine. 

 The World Health Organization (WHO) has rec og nized
the broad idea of the pro vi sion of med i cal prod ucts of 
human ori gin as an impor tant global med i cal task and a
gov ern men tal respon si bil ity at the national level. 2,3  Data 
col lec tion and data anal y sis are also rec og nized as inte-
gral parts of the treat ment to achieve an effi  cient and cost -
 effec tive use of resources. The Worldwide Network for 
Blood and Marrow Transplantation (WBMT), as a non gov-
ern men tal orga ni za tion in offi  cial rela tions with the WHO, 
has taken up the chal lenge of collecting global HCT activ ity 
data. Information on HCT trends over time pro vi des a sound 
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basis for sci en tific soci e ties, pol i ti cians, and health care agencies 
to develop or opti mize national HCT pro grams.

This arti cle pres ents a global over view of the num bers and 
types of allo-HCT in dif fer ent world regions col lected by mem-
bers of the WBMT (the Euro pean Group for Blood and Mar-
row Trans plantation, the Center for International Blood and 
Marrow Transplant Research, and the Asia-Pacific Blood and Mar-
row Transplantation Group) or directly from trans plant cen ters 
(where no regional reg is try is in place) using a uni form reporting 
sheet.4,5 As many patient, dis ease, donor, and trans plant-related 
fac tors may improve out comes, includ ing those affect ing access 
to allo-HCT, this arti cle also describes these aspects.

Worldwide allo-HCT activ ity and over all trends
Worldwide, 1 298 897 HCTs (42.9% allo-HCT) pro ce dures have 
been recorded from the first HCT in 1957 to 2016.5 The annual 
activ ity increased con tin u ously from 46 563 in 2006 (the foun-
da tion of WBMT and the first global report) to 82 718 in 2016 
(the lat est com plete global sur vey, Table 1),4-6 amounting to a 
global increase of 77.6% since 2006, which was some what higher 
in allo-HCT (89.0%) than in auto-HCT (68.9%).5

Allo-HCT team activ ity in 2016
In 2016, 38 425 first allo-HCTs, in com par i son to 20 333 in 2006, 
were performed world wide (Figure 1). The increase took place 
in all  regions of the world, and in con trast to 2006, more related 
(53.6%) than unre lated HCTs were reported.5 Increases of 20% 
and 50% were noted in the num ber of allo-HCT teams and allo-
HCTs, respec tively, while the allo-HCT/team ratio var ied from 
15.4 in 2006 to 23.3 in 2016 (Figure 2A). Team den sity (TD, the 
num ber of teams/10 mil lion per sons) was highest in North Amer-
ica (NA; 23.72), followed by Europe (EUR; 18.53), the South-East 
Asian/Western Pacific Region (SEAR/WPR; 3.91), Latin America 

(LA; 3.27), and the Eastern Med i ter ra nean/Afri can Region (EMR/ 
AFR; 1.98; Figure 2B). Accordingly, allo-HCT/team ratios were 
higher in EMR/AFR and NA, dem on strat ing a par tic u larly high 
con cen tra tion of pro ce dures in few trans plant cen ters in EMR/AFR 
(Figure 2B).5

Trends in indi ca tions, donor type, and stem cell source
The num ber of trans plants for all  indi ca tions using all  type of 
donors (except for plasma cell dis or ders and lym pho mas in 
related allo-HCT; data not shown) increased.5 Leukemia was 
the most fre quent indi ca tion, of which acute mye loid leu ke mia 
(AML) amounted 14 334 HCTs. HCT for myelodysplastic syn-
dromes (MDS) and, to a lower extent, mye lo pro lif er a tive dis or-
ders increased steadily over the obser va tion period. Increased 
allo-HCT activ i ties were observed for almost all  indi ca tions in 
all  regions except for solid tumors in almost all  regions but 
SEAR/WPR and lymphoproliferative dis or ders in NA (Figure 3). 
The highest incre ments were observed for severe aplastic ane-
mia and hemo glo bin op a thies (Δ2007-2016 > 1000%) and for leu-
ke mia (Δ2007-2016 > 550%; data not shown).5

Allo-HCTs (range, 0-7850) were reported from 76 countries, 
includ ing grafts from unre lated donors (UDs) and from cord blood 
(CB) in 55 and in 41 countries, respec tively. Absolute UD-HCT num-
bers ranged from 0 to 4311, and those of CB ranged from 0 to 1233 
in indi vid ual countries. Overall, related-HCT has become more 
fre quent than UD-HCT, starting in 2014, due to the increased use 
of related haploidentical (haplo) donors (39.5% of related HCT). 
Haplo-HCTs (n = 8131) were evenly dis trib uted in 62 countries, with 
abso lute num bers rang ing from 0 to 2554. It is not sur pris ing that 
more haplo-HCTs were performed in regions with out or with few 
UD reg is tries (LA, EMR, AFR, and SEAR/WPR).

Of the 38 425 allo-HCTs, 20% were derived from bone mar-
row (BM), 73% from periph eral blood (PB), and 7% from CB.5

Figure 1. Allo-HCT activity according to donor type (related and unrelated), irrespective of source and matching (PBSC, BM, or CB; 
matched or mismatched), and region comparing 2006 to 2016. BM, bone marrow; CB, cord blood; PBSC, peripheral blood stem cell.
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Factors affect ing access to allo-HCT (Figure 4)
Donor avail abil ity
UD reg is tries: impact of eth nic ity and eco nomic issues. In the 
absence of an HLA-iden ti cal related donor, hema to poi etic cells 
from HLA-matched or mismatched UD, haplo donors, or CB cells 
can be used. Countries with UD reg is tries increased from 2 in 
1987 to 57 in 2012 and 119 in 2021. Accordingly, the donor pool has 
increased in the last 40 years to >40 mil lion UD, includ ing CB (May 
2021; https://wmda.info/). Rates of UD per 10 000 inhab i tants 
vary per con ti nent (2.98 in Africa, 16.5 in Asia, 61.64 in Oceania, 

179.45 in South America, 198.28 in NA, and 247.33 in Europe; Joris 
M., per sonal com mu ni ca tion, May 2021). The num bers of unre-
lated grafts (BM, PB, and CB cells) expanded >7-fold from 1997 
to 2020, with increased use of PB (except for the COVID-19 pan-
demic period in 2020) and decreased use of BM and CB cells 
(Figure 5A). Figure 5B shows the global exchange of prod ucts 
(BM + PB) in 2020. In a National Marrow Donor Program study, 
the prob a bil ity of find ing a UD for black Amer i cans is <17%.7 In 
a recent study of the Brazilian UD reg is try (REDOME), this prob-
a bil ity was <10% for sickle cell dis ease patients.8 In addi tion, 
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Figure 2. (A) Number of allo-HCTs, number of allo-HCT teams, and allo-HCTs per team. (B) Number of allo-HCT teams, number of  
allo-HCTs per team, and TD according to region in 2016.
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access to searching for and using UD grafts is lim ited by finan-
cial issues even in dif fer ent areas of high-income countries 
(HICs). In the US, Paulson et al. found that patients with leu ke-
mia from poorer areas were less likely to undergo UD allo-HCT 
com pared to patients from wealth ier countries.9 Similar find ings 
were also reported in Italy.10 Despite many ret ro spec tive stud ies 
and some pro spec tive tri als reporting sim i lar out comes after UD, 
CB, or haplo-HCT, the use of UD over haplo or CB depends on 
patient/donor eth nic ity, avail abil ity of a UD reg is try, and finan-

cial issues—graft-related costs being an impor tant fac tor in low- 
and mid dle-income countries (LICs, LMICs).

Impact of haplo donors on access to allo-HCT. The use of haplo 
donors is increas ing world wide, but inter est ingly, this is more evi-
dent in LICs and LMICs, prob a bly due to the unavail abil ity of HLA-
matched UD, HCT-asso ci ated costs, infra struc ture of cen ters, 
lack of access to drugs, and other fac tors. According to the last 
WBMT report, the haplo-HCT trans plant rate (TR; HCT/10 mil lion 
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Figure 3. Change in % of allo-HCT activity from 2006 and 2016 activity according to diagnosis and region. Adapted with permission 
of Haematologica.5

Figure 4. Factors associated with access to allo-HCT: an international perspective.
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pop u la tion) represented 32% and 26% of all  allo-HCTs in SEA/W-
PR and LA, respec tively, but only 14% in Europe and EMR/ 
AFR and 4.9% in NA.5

Patient demo graph ics: age, gen der, and eth nic ity
Studies inves ti gat ing age as a pre dic tor of access to HCT indi cate 
that youn ger patients are more likely to receive a trans plant com-
pared to older patients, even in HICs.11,12 Only 5.5% of older adult 
patients with AML (n = 17 555) under went HCT in the US between 
2003 and 2012. Other fac tors asso ci ated with a lower like li hood 
of receiv ing HCT included care at a non ac a demic hos pi tal, race 
other than White, Charlson comorbidity score of ≥1, unin sured 
sta tus, and lower edu ca tional sta tus.12 No sig nifi  cant gen der 
effect has been reported.13 The role of race in turn must be inter-
preted with cau tion because race is a com plex social, cul tural, 
and polit i cal con struct and not only a bio log i cal con cept. The 
avail abil ity of a donor for non-Cau ca sians and eth nic minor i ties 
has improved over the last decades with the use of haplo donors 
and CB units.14 However, many stud ies have linked eco nomic 
issues with race and eth nic ity to address access to allo-HCT.9,15

Social fac tors
Geographic dis tance. The dis tance between a patient and an 
HCT facil ity appears to be an impor tant fac tor to HCT access.16 
To ensure proper fol low-up care, allo-HCT patients with lim ited 
geo graphic access must decide whether to make numer ous 
long trips or relo cate near the HCT facil ity, either of which can be 
a sig nifi  cant finan cial bur den. There are conflicting results from 
published data on the role of dis tance from the trans plant cen ter 
or the impact of urban/rural areas on out comes after allo-HCT.9,17 
However, in a recent study, poor access to care, defined as low 
socio eco nomic sta tus and a far dis tance to the trans plant cen ter, 
was asso ci ated with increased 1-year mor tal ity.18

Patient/fam ily atti tudes and avail abil ity of care giv ers. Family 
and patient psy cho log i cal fac tors may be impor tant for HCT 
access and out come. To our knowl edge no study has eval u ated 
how psy cho log i cal fac tors affect access, yet diag noses of depres-
sion, anx i ety, or post trau matic stress dis or der fol low ing HCT were 
asso ci ated with sub op ti mal health out comes and increased mor-
tal ity.19-21 Caregiver avail abil ity may also be a bar rier to patients 
con sid er ing and pro ceed ing to HCT.22 Parents/guard ians are often 
the nat u ral care giv ers for their chil dren, but for adult patients, the 

quan tity and qual ity of rela tion ships and the care giver’s income 
loss may affect the avail abil ity of such a per son.23,24

Economics
Macro- and micro eco nomic fac tors: impact on access to trans-
plan ta tion. From a global per spec tive, access to and rates of allo- 
HCT are closely related to the socio eco nomic sta tus of countries 
and regions of the globe. International find ings show strik ing dif-
fer ences in abso lute trans plant num bers, TD, and the spread of 
allo-HCT, which are affected mainly by a coun try’s or region’s 
macro- or micro eco nomic fac tors related to resources and infra-
struc ture.4 For instance, a recent study showed that adults with 
AML treated in São Paulo (Brazil) had infe rior 5-year over all sur-
vival (OS) and higher early mor tal ity pri mar ily due to multiresis-
tant gram-neg a tive bac te rial and fun gal infec tions com pared to 
patients from Oxford (UK). Importantly, Brazilian patients were 
less likely to undergo allo-HCT (28% vs 75%; P < .001) and waited 
lon ger for HCT (median, 23.8 vs 7.2 months; P < .001).25

The fol low ing eco nomic indi ca tors have been asso ci ated 
with TR (HCTs/10 mil lion), other trans plant indi ca tors,4 and out-
comes26-28: (1) human devel op ment index (HDI), a com pos ite var-
i able containing infor ma tion about life expec tancy, edu ca tion, 
and gross national income (GNI); (2) health care expen di ture 
(HCE) per cap ita; (3) GNI per cap ita; (4) World Bank categories: 
HICs, HMICs, LMICs, and LICs.

Gratwohl et al4 and Niederwieser et al5 dem on strated that 
global num bers of allo-HCT are still increas ing. By the end of 
2024, almost 1 mil lion allo-HCT will be performed in 76 of the 
194 WHO mem ber states, yet no HCT was performed in coun-
tries with a pop u la tion of <300 000 inhab i tants, sur face area 
<700 km2, and GNI < US$1260/per son. TR was higher in countries 
with greater gross domes tic prod uct, GNI, and HCE per per-
son, higher HDI, more donors, and larger CB banks.4 The asso-
ci a tion between trans plant and mac ro eco nomic fac tors var ied 
sub stan tially between donor types, WHO regions, and World 
Bank categories. Macroeconomic resources gen er ally showed 
higher asso ci a tions with auto-HCT than allo-HCT, with no sub-
stan tial dif fer ences for related- or UD-HCT. Ease of access to 
HCT as deter mined by TD gen er ally showed a higher asso ci a-
tion for auto- than allo-HCT. Generally, asso ci a tions between 
mac ro eco nomic fac tors and TR were higher in the Americas 
and SEAR/WPR Regions. Considering the World Bank catego-
ries, asso ci a tions were gen er ally low, with a stron ger impact of 

Figure 5. (A) Unrelated BM, mobilized PB, and CB grafts shipped from 1997 to 2020. (B) Global exchange of hematopoietic cell  
products (BM + PB) in 2020.
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finan cial resources on the LMIC cat e gory and TD for auto-HCT in 
the HMIC cat e gory.

Little data are avail  able on whether eco nomic fac tors may 
also explain the TR dif fer ences found among regions of a par-
tic u lar coun try. This microlevel sce nario gen er ally involves 
the health care sys tem and eco nom ics, while clin i cal dif fer-
ences should not be expected to cause dif fer ent TR among 
regions within a coun try with a pub lic health care sys tem. 
An inter est ing Span ish study showed that auto-HCT TR was 
asso ci ated with only TD, whereas mac ro eco nomic deter mi-
nants exerted a strong influ ence in the case of allo-TR.29 In 
par tic u lar, an increase of €1000 in gross domes tic prod uct per 
cap ita would cause an aver age increase of 1.4 trans plants per 
1  mil lion inhab i tants.29 Therefore, there may be inequal ity in 
access to HCT by region due to per cap ita income, TD, and 
pub lic hos pi tal expen di ture. These find ings may be use ful to 
health author i ties in mak ing deci sions both at the mac ro eco-
nomic and local lev els.

Macro- and micro eco nomic fac tors: impact on out comes of 
allo-HCT. Studies ana lyz ing socio eco nomic fac tors and out-
comes after allo-HCT are restricted to patients with suf fi cient 
resources to pro ceed to HCT and might not be rep re sen ta tive 
of all  trans plant can di dates. Hence, although research on out-
comes fol low ing allo-HCT in dis ad van taged groups is impor tant, 
it is equally rel e vant to ensure that patients in these groups actu-
ally have access to trans plan ta tion.

In 2010 we eval u ated the asso ci a tion of HDI with rates and 
out comes of allo-HCT for acute leu ke mia in Euro pean countries. 
Allo-HCTs performed in countries belong ing to the upper HDI 
cat e gory were asso ci ated with higher leu ke mia-free sur vival 
com pared to other categories.27 In another Euro pean study, 
lower cur rent HCE and HDI were asso ci ated with a decreased 
prob a bil ity of OS in allo-HCT recip i ents with acute lym pho blas tic 
leu ke mia.26 An impor tant Center for International Blood and Mar-
row Transplant Research study ana lyz ing 11 261 allo-HCT recip-
i ents with acute lym pho blas tic leu ke mia across 38 countries 
showed that trans plants performed in countries within the low-
est HDI quar tile were asso ci ated with an OS infe rior to countries 
in the highest HDI quar tile.30

The asso ci a tion between coun try-level mac ro eco nomic indi-
ca tors and out comes after allo-HCT needs fur ther eval u a tion. 
HCT in lower-income set tings may be asso ci ated with decreased 
avail  able resources, espe cially early post HCT.31 In fact, prior work 
has documented exten sive var i abil ity in the pro vi sion of sup port-
ive prac tices across countries.30 It is pos si ble that care deliv ery-
related fac tors may have con trib uted to the high pro por tion of 
deaths from infec tions seen in HMIC/LMIC/LIC set tings (eg, lack 
of ade quate inten sive care sup port).25,30,32 Alternatively, worse 
mac ro eco nomic indi ca tors may reflect deficiencies in train ing, 
expe ri ence, or staffing mod els in cen ters in resource-constrained 
set tings. On a patient level, lower socio eco nomic sta tus may be 
asso ci ated with adverse out comes owing to chronic stress, low 
edu ca tional level, unaffordability of med i ca tions, and dif fi cul ties 
in reaching the trans plant cen ter.

Health care sys tems
Health care is a sec tor where gov ern ments have a lead ing role. 
Access to and out comes fol low ing allo-HCT depend on how 
much a gov ern ment invests in gen eral health and ter tiary care. 
To our knowl edge, there are no data com par ing the type of 

health sys tem (pub lic vs pri vate or uni ver sal vs non uni ver sal) and 
access to allo-HCT.

HCT is costly and may drain con sid er able resources from pri-
mary care, mater nal and child hood care, or coun try wide vac ci na-
tion pro grams. On the other hand, car ing for patients with endemic 
dis eases (eg, hemo glo bin op a thies in most emerg ing countries) 
may be costly over time, and HCT may be more cost-effec tive in 
the long run.33 Thus, when it comes to stra te gic pri or i ties, coun-
tries should tai lor the implementation of ter tiary care facil i ties 
according to socio eco nomic con di tions and coun try-spe cific dis-
eases. It is also crit i cal to eval u ate the clin i cal/eco nomic effec-
tive ness and sus tain abil ity of such an endeavor.34 Unfortunately, 
there are scarce data on what type of donor or graft-ver sus- 
host dis ease (GVHD) pro phy laxis could be most cost-effec tive in 
devel op ing econ o mies, an issue that urgently war rants fur ther 
research.

Referral of patients to trans plant and posttransplant care
The com plex inter play of patients, refer ring phy si cians, pay-
ors, and trans plant cen ter-related fac tors have been pre vi ously 
described.35 These fac tors need to be com pre hen sively stud ied 
to deliver opti mal care. Both pay ors and accred i ta tion agencies 
should also attempt to ele vate the stan dards of care affect ing 
trans plant out comes after dis charge from the trans plant cen ter.35

National and inter na tional reg u la tions
In many health care set tings, bench mark ing for com plex pro-
ce dures has become a man da tory require ment by stake hold-
ers to assure clin i cal per for mance, cost-effec tive ness, and 
patient safety.36 Benchmarking has also been inte grated into 
the Foundation for the Accreditation of Cellular Therapy-Joint 
Accreditation Committee of the International Society for Cel-
lular Therapy and the Euro pean Society for Blood and Mar-
row Transplantation qual ity man age ment stan dards and has 
been established mainly for devel oped countries but not for 
resource-constrained nations.36 Developing mean ing ful bench-
mark ing sys tems for countries with sim i lar mac ro eco nomic 
fac tors may help address and cor rect underperformance.

Establishing new HCT pro grams
Table 2 sum ma rizes impor tant steps in establishing new or 
opti miz ing established HCT pro grams. Close coop er a tion with 
health author i ties, pol i ti cians, and phy si cians is needed to 
ensure equal ity of treat ment around the world. It is essen tial to 
allo cate funds for this treat ment and have sup port from regional 
and global sci en tific soci e ties in asso ci a tion with the WHO. Fur-
thermore, HCT-spe cific min i mum require ments are needed. 
The Transplant Center and Recipient Issues Standing Commit-
tee of the WBMT orga nized a struc tured review and ana lyzed, 
described, and scored (by inde pen dent trans plant phy si cians) 
min i mum require ments to estab lish an HCT pro gram.37 This 
struc tured set of rec om men da tions guides the pri or i ti za tion to 
estab lish a trans plant pro gram and set the path for expan sion 
and fur ther devel op ment.37

How to improve access to allo-HCT
Access to allo-HCT is depen dent on the mul ti ple fac tors reported 
above and sum ma rized in Figure 6. Improvements in access 
can be obtained by eval u at ing the need for HCT in indi vid ual 
countries and the ways in which to improve. The eas i est way 
would be to improve the TR in existing cen ters and estab lish 
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new trans plant cen ters in regions with low TD. This eval u a tion 
pro vi des com par i sons for bench mark ing and some hints on how 
to cre ate or opti mize trans plant pro grams. New tech nol o gies 
may help in this endeavor.

Role of new tech nol o gies
Even in LICs and LMICs, wide spread adop tion of the mobile 
phone, invest ments in elec tronic med i cal records, devel op ments 
in cloud com put ing, and emer gent mobile health (mHealth) 

appli ca tions rep re sent a unique oppor tu nity to nar row the gap 
of access to HCT between devel oped and devel op ing nations.

Telehealth has been asso ci ated with decreas ing costs, gains 
in pro duc tiv ity, patient adher ence, and improved access to 
health care.38 Since the 2000s there have been a few reports 
on the use of telehealth in HCT recip i ents,39,40 but the COVID-19 
pan demic really caused the field to gain trac tion world wide, 
includ ing in the devel op ing world. At our pub lic insti tu tion in 
Brazil (V.R., G.F.), a recent sur vey among 232 HCT recip i ents 

Table 2. How to improve access to HCT

Target Topic Actions

Benchmarking activ i ties among  
countries and regions

Global HCT activ ity reports Biannual sur vey since 20064,6,47-50

Starting new pro grams Alerting health author i ties and pol i ti cians about the 
need for pro grams in countries with low HCT activ ity

Organization of WBMT work shops in coop er a tion with 
the WHO51

Essential med i ca tion Published pre vi ously52

Training of phy si cians, nurses, tech ni cians, and data 
man ag ers

Scientific soci e ties; accredited trans plant  
cen ters

Infrastructure Define essen tial infra struc ture37,53

Site visit from expe ri enced phy si cians Role of sci en tific soci e ties

Financial aspects Optimize treat ment

Twinning and telemedicine Supervisory telemedicine42

Optimizing existing pro grams Outcome reg is tries Establish out come reg is tries
Analysis of dif fer ent tech niques54

Accreditation Liaise with JACIE/FACT

Utilization of HCT world wide Analyzing inci dence (tumor reg is tries) and HCT activ i ties 
for each dis ease in regions and countries55

Establishing alter nate donor reg is tries Describe chal lenges in devel op ing countries56

Establishing clin i cal stud ies Structures for local reg is tries, noninterventional, 
interventional stud ies

FACT, Foundation for the Accreditation of Cellular Therapy; JACIE, Joint Accreditation Committee of the International Society for Cellular Therapy.

Figure 6. Increasing access and possibly outcomes to allo-HCT using new technologies: an international perspective.
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dur ing the COVID-19 pan demic showed that one-third of them 
spent >120 min utes to travel to and from the out pa tient clinic, 
and 42% had a cost >US $10.00 (equiv a lent to 5% of the min i-
mum wage/month). Approximately half of them had engaged 
in at least 1 pre vi ous inter ac tion via telehealth with our cen ter, 
and 91% of these patients con sid ered it a good expe ri ence.41 
Although not fit for all  clin i cal sce nar ios, telehealth may be effi-
cient and com ple men tary to in-per son inter ac tions with HCT 
patients, may allow a cost reduc tion for patients, and may be 
espe cially use ful in the long-term fol low-up of HCT sur vi vors,40 
which often requires insti tu tions expe ri enced in the man age-
ment of chronic GVHD and late com pli ca tions. Telementoring is 
also a prom is ing approach to implementing allo-HCT pro grams 
in that con text.42

Wearable devices (eg, the Apple Watch) rep re sent another 
mHealth modal ity increas ingly assim i lated in every day life. 
These devices can be con tin u ous or inter mit tently cap ture 
bio log i cal data, and recent expe ri ences have been tested 
in can cer and HCT sur vi vors.43 Wearable devices along with 
telehealth approaches reduced hos pi tal readmissions fol low-
ing liver trans plan ta tion.44 Coupling the mas sive data gen-
er ated by these tech nol o gies, elec tronic med i cal records, 
and bio mark ers with arti fi cial intel li gence may poten tially 
pre dict trans plant com pli ca tions such as febrile neutrope-
nia and GVHD hours or days in advance.45 In fact, arti fi cial 
intel li gence has been used to improve the diag no sis of birth 
asphyxia and dia betic ret i nop a thy and pro vide treat ment rec-
om men da tions in can cer in dif fer ent low-income countries.46 
With decreas ing costs, these tech nol o gies could expand out-
pa tient allo-HCT and allow bet ter uti li za tion of hos pi tal HCT 
beds in regions where trans plant waiting lists are a real ity.  
Prioritization of trans plant can di dates on waiting lists may also 
be assisted by intel li gent algo rithms that take into account 
per sonal and dis ease char ac ter is tics, pretransplant workup 
sched ul ing, local trans plant cen ter per for mance, and evi-
dence-based data.

Although tech no log i cal advances offer unprec e dented oppor-
tu ni ties to enable access to HCT, the val i da tion of effec tive solu-
tions demands high-qual ity data sets, internet con nec tiv ity, 
infor ma tion tech nol ogy infra struc ture, and clin i cal tri als, which 
are time- and cost-con sum ing. Hence, stake hold ers must ensure 
that actions are taken to guide sus tain able, equi ta ble tech nol-
ogy implementation in the HCT realm to ful fill its prom ises.

Research agenda for resource-constrained countries
Most of the cur rent evi dence in HCT has been gen er ated in HICs 
and may not be appli ca ble to resource-constrained set tings. 
Many clin i cal chal lenges faced by devel op ing countries (ie, the 
major ity of the world’s pop u la tion) are under rep re sented in the 
HCT lit er a ture (eg, evidenced-based man age ment of waiting 
lists, peritransplant mul ti drug-resis tant bac te ria, trop i cal dis-
eases). A research agenda, with a par tic u lar focus on clin i cal tri-
als, directed to and conducted in resource-constrained countries 
is essen tial to effec tively tackle these issues. Initiatives fos ter ing 
inter na tional coop er a tion, funding, and local research capac ity, 
such as the Amer i can Society of Hematology Global Research 
Award and Clinical Research Training Institutes, should be mul-
ti plied to advance access to HCT and other cel lu lar ther a pies 
world wide.
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